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Abstract

In this paper, a detailed study of “hard” and “soft” interactions in proton + proton
collisions at RHIC for Vs=200GeV is presented. The data of proton + proton collisions at
200GeV at RHIC are obtained from the Solenoidal Tracker at RHIC (STAR) in Run3. The
minimum bias events are separated into two event classes by judging whether the event has
at least a jet cluster or not. The jet cluster is defined as one track with Pr>1.0 GeV/c and at
least one other track with Pr>0.2 GeV/c in a cone with a size of R=VAN*+A¢*=0.7. The
transverse momentum (Pt) spectra and the mean Py (<Pt>) of the inclusive charged
hadrons are measured and analysed in minimum bias, "soft" and "hard" event classes.
These results are compared with the results from CDF at Tevetron energy. Furthermore, we
study the difference of strangeness and baryon production between “soft” and “hard”
interactions by using TPC dE/dx to identify 7, K~, and P in proton + proton collisions. It
is found that the multiplicity dependence of <Pr> of the inclusive charged hadron in “soft”
events in proton + proton collisions does not change in the CMS energy range from RHIC
to Tevetron, while there is no such scaling behavior in minimum bias and “hard” events.
The baryon and strangeness production derived from the particle ratios of K'/n~ and P/n”
are measured to be different in "soft" and "hard” events. These results are compared to
model predictions of PYTHIA and HIJING and results from Au-Au collisions at RHIC to
help us understand the minijet fragmentation and particle productions in proton + proton
and Au + Au collisions. These results have been postered in the Quark matter 2004
international conference.

In this dissertation, the study on the new-type timing detector, Multi-gap Resistive
Plate Chamber (MRPC) and the simulation of Time-of-Flight (TOF) detector with MRPC
are also introduced. In this part work, a cosmic testing system with a time resolution of
70ps or so was set up. With this system, the properties of the MRPC including the timing
resolution, efficiency, cross talks and so on are tested and studied. The timing resolution of
the MRPC is measured to be about 80ps and the efficiency is above 90%. The simulation
software structure of a full MRPC-TOF is set up too. From the simulation, it is found the
MRPC-TOF has small occupancy (<10%) and good PID ability. It can extend the STAR
PID ability to pT~1.8GeV/c for K/m and 2.4GeV/c for K/Proton with MRPC time
resolution of 80ps. The simulation also verifies the MRPC-TOF will effectively suppress
the background of resonance reconstruction and help us to do physics study in depth in the
future. On the basis of this part of work, one tray of MRPC-TOF is running smoothly in
RHIC-STAR and some significant physics results have been shown.
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2.1

2.1 2.2
2.1
Table2.1 Elementary particles
Flavor Charge
u C t +2/3
d S b —-1/3
) T -1
Ve Vi Vi 0
2.2
Table2.2 The fundamental forces
Strong EM Weak Gravitational
Mediator g Y VA w* G
Charge 0 0 0 1 0
Spin 1 1 1 1 2
Mass(GeV/e) 0 0 91.186 | 80.385 0
Range(fm) 1 o 10° oc
[1],
2.2

(gluon) y)y w° 72° (graviton)
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Fig2.1 The lowest order corrections for QCD potential
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Fig2.2 The running coupling constant 0s(Q?) in QCD
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Fig2.3 The parton structure function xF3(x,Q2) distribution in the proton
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3 3 Fun2.12
f(AB—)CX)=Ed§-=E "o
dp 27zdp 7 dp ,

Fo/dp’ C dp’

pseudo-rapidity

1, |P|+P. 0
n= ?ln PP In (tan > ) Fun2.13
|PI~E
n->vy, Pr>>m
2.7 -
) 2.4

a ~ —C Fragments
- ¢
q it
Central
region
-
2 !
2.4

Fig2.4 Naive picture of a generic hadron-hadron scattering. The hadron coming
from the left, after collision, fragments into new hadrons. The other hadron does
not fragment and is said to be a “leading” particle. Many soft hadrons are

produced in the central region.

1) or. (Elastic collision)

21



i1) osp (Single diffractive collision)
i) opp (Double diffractive collision)

v) onp (Non-diffractive collision)

P+P->P+(P+31)

OoTOoT = OEL T Osp T Opp + OnD Fun2.14
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Fig2.5 The total cross section in p-p and p-pbar with different C.M.S. energies
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Fig2.6 Up: [_)p scattering; dashed lines represent the strings.

Lower: I_)p scattering including a hard gg scattering.
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2.7 -

Fig2.7 Left: two chain diagram for f)p scattering in DPM.

Right: four chain diagram

(Multi-Parton Collision Model [17])
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Fig2.8 A comparison of multiplicity distributions in NSD I_)p at
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2.10.2
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Fig2.11 The K/n~, P/n ratio & <P> of n~, K~, P in 1800GeV pp collisions
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Fig2.12 The K/n", P/n ratio & <P>of m , K, P in 200GeV Au-Au collisions
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STAR MRPC-TOF

3.1 RHIC
RHIC (Brookhaven Relativistic Heavy lon Collider) [3.1]
1999
RHIC 3.8km 1000 RHIC
gold (proton) RHIC
100GeV, 2x10%°cm™sec”, 250GeV,
1x10*' em™sec’  RHIC 3.1
Physics Parameters
No. Intersection Regions 6
No. Bunches/ring 60
Bunch Spacing(nsec) 213
Collision Angle 0
Diamond length 18 cm rms
Beam separation in arcs 90cm
Accelerating time 75sec
Performance Au Proton
No. Particles/Bunch 1x10° 1x10"
Top Energy(GeV/u) 100 250
Luminosity(cm sec™) ~2x10%¢ ~1x10*
3.1RHIC
Table3.1 Main Parameters & Performance
RHIC
BRAHMS, PHENIX, PHOBOS STAR STAR

200GeV -
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3.2 STAR

STAR(Solenoidal Tracker At RICH) [3.2] RHIC

.31 STAR
STAR STAR
1) A time projection chamber (TPC)
2) A silicon vertex tracker (SVT)
3) A pair of radial-drift forward TPC (FTPC)
4) A barrel electromagnetic calorimeter (BEMC)
5) An endcap electromagnetic calorimeter (EEMC)
6) A central scintillator barrel (CTB)
7) A pair of zero degree calorimeters (ZDCs)
8) A time-of-flight detector (TOF)
9) A pseudo-vertex position detectors (pVPDs)
10) A ring-imaging Cerenkov detector (RICH)
11) Beam beam counters

STAR Detector
Sili rgrr; r:P

Cails Magmet s
{ & 3
/ s
// o
—E-M

A Calorimeler

'-.II-TI me Projection
= [ hasimber

= Tinwe [H

Flight

d_.-"".-. H
St

Forward Time Projoection Chambaer

3.1 STAR
Fig3.1 The STAR Detector
STAR
TPC 4 4
2 90% In] < 1.8
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52 2m

[3.5] [3.7]
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[3.6]
[3.11]
[3.8] [3.9]
[3.10]
[3.12] Im?
STAR [3.13] 0.25~0.50T
STAR
3.3
STAR
ml <18 90%
3.2
0.5 2
2.1m
(cathode central membrane, CM)
28kV
24.75 m’
90% 10% Pio
2mbar [3.14]
90%
100MeV/c
/ (~2m) MeV

5.45cm/us
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Fig3.4 The front view of beam beam counters schematic plot
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Table3.2 The cross talks on cell2
Ratio of cross talk to | From celll | From cell3 | From cell4 | From cell5 | From cell6
real signals on cell2
12.4% 35% 44% 11% 5% 5%
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Table 3.3 The Geant Hits on TOF
Hit Number Ratio(%)
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One Hits 6.9
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Three hits 0.04
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Fig3.18 The Mass square Spectrum
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Table3.4 The list of decay channels of short lifetime particles
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Fig4.1 The distribution of dE/dx vs. momentum in proton-proton

collisions. The functions are plotted with different parameters with
respect to t, K, Pand P
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Fig4.3 The background ratio in each Py bin in proton-proton collisions. The data

points are fitted by double Gaussian functions and plotted by a line in the figure.
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4.4.4 The energy loss
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Figd.5 The energy loss of n-, K, P due to interaction with TPC material. The
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Z=lo_g(dE/dx/<dE/dx>) a),b),c) B <dE/dx> T,
K, P Bethe-Bloch n,K, P electron

Fig4.6 The Distribution of Z=log(dE/dx/<dE/dx>) with different <dE/dx> in different
Pr and multiplicity bins: a),b),c) are plots with respect to different <dE/dx>

calculated by Bethe-Bloch functions with n°, K, P parameters. Four Gaussian
functions were used to fit.
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Table4.1 The difference of electron/n” ratio between TOFr and TPC
electron/n in electron/m in
Pr Bin(GeV/c) TOFr-TPC/ TPC
TOFr TPC
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0.35~0.40 0.031+0.002 0.030+0.001 3%
0.40~0.45 0.028+0.002 0.025+0.001 12%
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Fig5.1 The two-particle azimuthal correlation in different trigger Py, The
associated track Pr>0.2GeV/c. The experimental data points are plotted by
triangle points and two Gaussian fit functions and a constant are fitted to the
data points with a line.
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c c
c
5.1

TableS.1 The fit results jof back-to-back jet correlation
Trigger Py Width Track Ratio
(GeV/o) Forward Backward | Forward/ | (Forward+Backward) | Forward/

c c Backward | /Background Backgroud
0.5~1.0 0.72+0.01 | 1.14+0.01 | 1.04+0.03 0.07+0.01 0.11+0.01
1.0~2.0 0.66+0.01 | 0.99+0.03 | 0.73+0.04 0.17+0.01 0.22+0.01
2.0~3.0 0.49+0.02 | 0.88+0.07 | 0.56+0.03 0.25+0.02 0.27+0.01
3.0~4.0 0.41+0.06 | 0.81+£0.04 | 0.50+0.14 0.33+0.02 0.33+0.07
4.0~5.0 0.39+0.02 | 0.68+0.04 | 0.57+0.07 0.44+0.03 0.48+0.04
5.0~6.0 0.34+0.04 | 0.65+£0.13 | 0.65+0.15 0.50+0.08 0.59+0.10
(leading partilce ~ 1~2 GeV/c)

leading partilce ~ 5~6 GeV/c
200GeV - leading partilce ~ 1~2 GeV/c
52 ¢ »° 7
200GeV -
n, K, P
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Fig5.2 The definition of jet cluster. The leading track is required with
transversal momemtum Pr>1.0GeV/c and the associated track
P1>0.2GeV/c.The jet cone radius R defined as R=sqrt(Ap*+An?) is 0.7.
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FigS.3 The transverse momentum distribution of minimum bias inclusive
charged hadron invariant yields in mid-pseudorapidity (|n|<0.5) and in each
multiplicity bin. The errors shows are statistical errors only. The solid lines are Py
power law functions fits to the distributions.
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Fig5.4 The transverse momentum distribution of ‘soft’ and ‘hard’ inclusive charged

hadron invariant yields in mid-pseudorapidity (|n|<0.5) and in each multiplicity bin.

The errors shows are statistical errors only. The solid lines are PT power law

functions fits to the distributions.
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TableS.2 Multiplicity in the Minimum bias Events
Multiplicity Bin | Origin Nch Event numbers| Final Nch’
1 1 1.1961e+06 1.00+0.03
2 2 640323 2.01 £0.02
3 3 315806 3.03£0.03
4 4 150820 4.05£0.07
5 5 71035 5.07£0.09
6 6 32319 6.09 £ 0.18
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8 8 6465 8.13 £0.48
9 9 2709 9.15£0.77
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Fig5.6 The multiplicity (Nch) dependence of mean transverse momentum <Pp> in
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acceptance is extended from |n|<0.5 to n|<1.0 by HIJING.
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Fig5.8 The transverse momentum distribution of inclusive m invariant yield at
mid-rapidity |y|<0.2 in four multiplicity bins in soft, hard, and minimum bias events.
Errors shown are quadrature of statistical error and point-point systematic error.
Additional correlated systematic errors due to normalization is estimated to 5%. The

solid lines are Bose-Einstein distributions.
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mid-rapidity |y|<0.2 in four multiplicity bins in soft, hard, and minimum bias events.

Errors shown are quadrature of statistical errors and point-point systematic errors.

Additional correlated systematic errors due to normalization is estimated to 5%. The

solid lines are Maxwell-Boltzmann distributions.
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Fig5.10 The transverse momentum distribution of inclusive P invariant yield at
mid-rapidity |y|<0.2 in four multiplicity bins in soft, hard and minimum bias events.
Errors shown are quadrature of statistical errors and point-point systematic errors.
Additional correlated systematic errors due to normalization is estimated to 5%. The

solid lines are Maxwell-Boltzmann distributions.
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FigS.11 The multiplicity dependence of the extracted <Pr> with |y|<0.2.The error bars
are statistical errors only. The systematic errors of w are about 3% in minimum bias,
soft events and hard events. The systematic errors for K, P are about 3%~7% in
minimum bias events, 4% in soft events and 5%~9% in hard events from low

multiplicity to high.
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Fig5.12 The K'/n", P/n yield ratios in mid-rapidity (]y|<0.2).The yields are gotten by
my exponential distribution function fit. The error bars are statistical errors and
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5.13 hard(K/7)/soft(K/m),hard( P/m)/soft( P/r)

Fig5.13 The distributions of hard(K'/n)/soft(K/n’),hard( P/m)/soft( P/n) with

dNu/dn. The error bars are statistical errors and systematic errors added in

quadrature.
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